Abstract: The Biochemical Evaluation of a Health Intervention Programme (B.E. H.I.P.) investigated the impact of progressive exercise intensity in overweight and obese children. A 5-month prospective randomized crossover design (XA, immediate intervention; OB, control group; XB, delayed intervention, OA, postintervention follow-up) with a 10-week health intervention programme was employed. The intervention utilized a progressive increase in high-intensity exercise (≥75% maximum heart rate) and included 3 nutrition and 2 parent education sessions. Primary analysis was completed with (i) XA versus OB and (ii) all intervention participants (collapsed XA and XB = XAXB). Prepubertal overweight and obese male and female children (n = 27) between 5 and 10 years of age were randomly allocated to XA (n = 16; 11 females; waist circumference = 80.0 ± 10.6 cm) or OB (n = 11; 3 females; waist circumference = 76.6 ± 7.5 cm). The primary variables were heart rate and percent fat mass. All variables, including body composition, habitual activity, and serum lipids, were repeatedly measured for up to a maximum of 7 time points. Energy expenditure was quantitatively measured throughout each exercise class (n = 20). A significantly longer time in the exercise sessions was spent in high-intensity (35.1%-60.0%) versus low-to moderate-intensity (64.9%-40.0%) exercise as the intervention progressed from the first to the last attended exercise class (Fisher exact test, p < 0.0001). The percent fat mass decreased in all intervention participants (-2.2%, p < 0.0001). X A had a greater slope decrease than O B for percent fat mass (p = 0.00051) and triglycerides (p = 0.0467). In conclusion, high-intensity exercise, within a comprehensive health programme that includes nutrition education, improved the lipid and physiological health profiles of obese children.
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Introduction
Pediatric obesity is a public health concern in Canada (Tremblay et al. 2002) , and none of the Canadian provinces or territories are meeting the physical activity (PA) guideline of 90 min of daily activity (Active Healthy Kids Canada 2010). According to the 2004 Canadian Community Health Survey, there are 26% overweight and 8% obese children between 2 and 17 years of age (Shields 2006) . These trends are particularly important given that childhood obesity is associated with many acute and chronic health consequences (Ball and McCargar 2003; Kavey et al. 2003) . It is now theorized that vigorous PA, and not energy intake, could drive the system influencing body composition development in growing children (Gutin 2011) .
Clarity regarding the nature of the PA dose-response relationship and the correct intensity of PA that produces the best cardiovascular fitness and body composition outcomes is an important step in the development of an appropriate public health intervention. It has been suggested that vigorous activity, defined as 150-180 beats·min -1 , may be effective in reducing adiposity and improving cardiovascular fitness (Hunter et al. 1998; Gutin et al. 2004 ). However, only limited quantitative conclusions can be made because of the lack of direct measurements of exercise intensity, duration, and frequency in many PA studies. Gutin et al. (2005) monitored older adolescents (mean age = 16.2 years) with an MTI Actigraph uniaxial accelerometer to determine daily activity intensities. They found that a higher cardiovascular fitness value was associated with higher amounts of moderate and vigorous PA, and more of the associated variance was explained by vigorous activity. In addition, lower percent body fat was associated with increased amounts of vigorous activity. This same relationship remains to be confirmed in prepubertal overweight and obese children, and subsequently there is a necessity for studies to focus more heavily on vigorous activity in this age group. In addition, an understanding of sex-specific responses during programmes particularly aimed at progressively increasing energy expenditure remains unclear.
A better understanding of appropriate health intervention programmes is achievable with the use of objective and quantitative instruments (Wareham and Rennie 1998; Gutin 2011) . A reliable and valid combined heart rate and motion sensor device (Actiheart Mini Mitter Respironics, Bend, Ore., USA) has recently been marketed for children and adults Corder et al. 2005) . This monitor is able to quantify PA duration and intensity. Sothern (2001) suggests that young children need PA that is fun and entertaining for their continued participation. This is in contrast to adults, who are more easily engaged in activity for longer durations because of their ability to concentrate with less mental effort and their desire for improving performance and aesthetics. Sothern (2001) also concluded that exercise, in conjunction with appropriate dietary prescriptions, may serve as a promising modality to treat obesity during childhood.
The known physiological benefits of exercise support the idea that studies must implement strategic methodological designs to ensure that participants are not denied the ability to exercise. The crossover design is an ethically important modality that ensures all participants can take part in a health intervention programme while still providing a valid control group for statistical analysis of the results (Ratkowsky et al. 1992) .
The purpose of the Biochemical Evaluation of a Health Intervention Programme (B.E. H.I.P.) was to investigate the impact of progressively increasing high-intensity exercise on adipocytokines and physiology in overweight and obese children and to determine whether the impact varied with sex. A detailed description of the methodology follows, as well as body composition, serum lipid, and exercise intensity outcomes achieved by the children.
Materials and methods
Design
The study employed a prospective, 5-month randomized crossover design with a 10-week health intervention programme (Table 1) . Two groups (A and B) and 2 phases (X, intervention; O, control) were utilized in the study design: (i) X A , immediate intervention group; (ii) X B , delayed intervention group; (iii) X A X B , all intervention participants group (X A + X B ); and (iv) O B , control or standard of care group. Baseline measurements were obtained during week 1, and laboratory measurements, questionnaires, and 3-day dietary records were subsequently repeatedly assessed for all participants for up to 7 time points. The X A group participated in the intervention during weeks 2-11, while the X B group participated in the intervention during weeks 12-21. Participants in the O B group were monitored during weeks 2-11 and instructed to maintain their prestudy dietary and activity patterns. The O A group participants were not given any specific dietary or activity instructions after they completed the 10-week intervention, but continued to be monitored by laboratory testing and questionnaires during weeks 12-22 for follow-up. The primary variables associated with group status were heart rate (HR) and percent fat mass (%FM).
Participants
Prepubertal overweight and obese male (M) and female (F) children between the ages of 5 and 10 years were recruited from families living in Calgary, Alberta, Canada. Inclusion into the study required that their body mass index-for-age percentile (BMI-percentile) be greater than the 85th percentile (Ogden et al. 2002; Daniels 2005) . Children were excluded if they had begun puberty, as reported by the parent, as were children with diabetes because of the overnight fast required prior to blood sampling. Participants were otherwise considered healthy if they had no identified medical problems that could interfere with exercise class participation.
The University of Calgary Research Ethics Board approved the research protocol, and parental consent and child assent were obtained from all participants. A total of 27 prepubertal children were randomly allocated into X A (n = 16; 11 females) or X B (n = 11; 3 females) ( Table 2) . Two X B participants dropped out before the end of their intervention because of personal family issues, resulting in 25 participants (X A X B ) completing the intervention.
Health Intervention Programme
The 10-week health intervention primarily focused on a progressive high-intensity exercise programme and also included 3 nutrition and 2 parental education sessions.
Exercise programme
The exercise programme included 60-min sessions that occurred twice per week and centered on a progressive increase in high-intensity exercise. The first week aimed for 2 min of high-intensity exercise, and there was an increase of 2 min for each subsequent week, which resulted in a total of 20 min of high-intensity exercise by week 10. High intensity was defined as a HR that was ≥75% of the participant's maximum HR (HR max ), whereby an individual's HR max was estimated from their age (American College of Sports Medicine 2005). Low to moderate intensity was defined as <75% of HR max . One male and 1 female instructor certified by the Alberta Fitness Leadership Certification Association facilitated the exercise classes. Wide varieties of activities were utilized during each session and were primarily based on the exercise intensity requirements and child engagement. Examples of high-intensity exercises included dodge ball, tag, and running laps to meet prescribed goals and group relays.
PA was quantitatively assessed during each exercise session using Actiheart (Mini Mitter Respironics) and Polar heart rate (RS400, Polar Electro Canada Inc., Lachine, Que., Canada) monitors. The study was financially limited in purchasing more than 10 Actiheart monitors, therefore 2 different types of monitors were utilized. The Actiheart monitors collected energy expenditure data through HR (beats·min -1 ) and activity counts; the Polar Heart Rate monitor provided HR (beats·min -1 ) data. Each child wore 1 individually programmed monitor during each activity class. The Actiheart is a chest-mounted, combined-unit, synchronized HR monitor and accelerometer capable of storing time-sequenced data. Acceleration is measured by a piezoelectric element within the unit with a frequency range of 1-7 Hz. The Actiheart unit was clipped to 2 electrocardiogram electrodes (3M Red Dot 2271 monitoring electrodes; 3M Nederland BV, Zoeterwoude, Netherlands) adhered to the child's chest, and it was positioned at the level of the third intercostal space . Acceleration movement counts and HR from Actiheart were sampled every 15 s, as per the standard for this piece of equipment. Corder et al. (2005) have shown that the Actiheart has better validity and gives the least systematic error relative to an ankle-mounted Actigraph or a hip-mounted Actical in children aged 12-13 years during treadmill walking and running.
Dietary analysis
Three 3-day dietary records were completed on 2 weekdays and 1 weekend day by the parent with the child. Food type, brands, homemade food ingredients, food preparation details, and all liquids consumed were obtained. Dietary records were inputted into the computerized Food Smart 6.0 (Envision Health Networks) nutrition software package and analyzed to yield daily caloric (energy) intake, daily percentages for individual nutrients, and individual nutrient intakes.
All families attended 3 dietary information sessions held approximately 3 weeks apart that promoted healthy eating, active living, and a positive self-image during the intervention. The same registered dietician led each of the sessions, which were highly interactive and included hands-on components. At least 1 parent was encouraged to attend all sessions with their child. The initial meeting focused on nutrition education with specific reference to Canada's Food Guide and identifying food groups, portion sizes, and balanced meals. The second meeting highlighted food selection, appropriate dietary goals, and how to make choices when attending fast food restaurants. The third meeting reinforced and supplemented the earlier sessions and concentrated on food product labels and how to compare products.
Additional elements
Two parent education information sessions were lead by 1 investigator. They were held at the start and at the end of the intervention and focused on explaining the project in more detail and answering parental questions.
A formalized method to enable greater instructor input and consistency of the exercise class format was undertaken, which involved the fitness instructors reflecting on each of their exercise sessions within 24 h by an online synthesis journal. This process ensured interinstructor reliability and that intensity targets for each class were met. Following receipt of the online journal, the investigators discussed instructor comments and either initiated verbal conversation or email correspondence with the instructor, as needed. The journaling allowed the instructors to interact easily and frequently with the researchers (Doyle-Baker et al. 2008) .
Leisure-time PA is an important determinant in children's weight balance, therefore tracking PA outside of the exercise intervention was necessary. Parents proxy-reported their child's PA behavior using a conventional, validated, and well-known survey-questionnaire, the Leisure Survey Index (LSI) (Godin and Shephard 1985) . The LSI survey instructs parents to think of a "typical" 7-day week and report the total hours and minutes their child spends in mild, moderate, and vigorous activities.
The Family Eating and Activity Habits (FEAH) questionnaire allowed for the monitoring of family behaviour and environmental modifications associated with weight change, as documented previously (Golan and Weizman 1998) .
Physical health and body composition assessment
Measurement of standing height (HT), weight (WT), and waist circumference (WC), partial curl-ups, grip strength (handgrip dynamometer; Almedic, A Div. of Rhoing Ltd, Saint-Laurent, Quebec), seated resting blood pressure (BP), and resting HR were based on The Canadian Physical Activity, Fitness, and Lifestyle Appraisal guidelines (Canadian Society for Exercise Physiology 1996). These measurements were completed in light clothing by a Canadian Society for Exercise Physiology Certified Exercise Physiologist. The child's percent fat mass (%FM), percent fat-free mass (% FFM), trunk fat mass, and bone mineral density (BMD) were obtained using dual-energy X-ray absorptiometry (DEXA, Hologic QDR 4500A scanner, Hologic Inc., Waltham, Mass., USA).
Blood sample analysis
Fasting blood samples (12 ± 2.5 h) were completed on a weekend morning and drawn from the antecubital vein. The sample was centrifuged at 1200g for 5 min in a serum separator tube and sent to Calgary Laboratory Services for lipid analysis. Triglycerides (TG), total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-C) were directly analyzed, and low-density lipoprotein cholesterol (LDL-C) and cardiac risk ratio (TC:HDL-C) were calculated (see Table 2 ). Additional biochemical variables, beyond the scope of this paper, were also collected.
Statistical analyses
Output from the Actiheart and Polar heart rate monitors was entered into a master database following each class. Only data pertinent to the exercise class were included in the analysis. Continuous variables were examined for normality. BMI-percentile and the energy expenditure and activity counts from the Actiheart monitors were not normally distributed (left skewed) and required nonparametric analyses.
Means ± SD for all variables were reported, except those not normally distributed that required nonparametric analysis. These were described by medians ± 25th interquartile range. Comparisons within groups across 2 time points and between groups at 1 time point were analyzed by Student's t tests for continuous variables using paired and unpaired conditions, respectively. Similarly, nonparametric analysis utilized the Wilcoxon's signed-rank test for matched-pair analysis, while the Mann-Whitney U test (Wilcoxon rank-sum) compared 2 independent groups. Analysis of covariance, with sex as a cofactor, was completed for continuous variables. The comparison between categorical data was determined by Fisher's exact test.
All blood variables, body composition, and basic participant characteristics were sampled repeatedly with up to 4 time points between the pre-and postintervention analysis and between the postintervention and poststudy analysis. The response feature analysis was used to account for the repeated measurement of the variable within 1 individual (Dupont 2002) . The mean slope from the 4 testing points was determined for each participant for each continuous variable of interest. A Student's t test assessed whether the mean slope change was significantly different (i) from zero within X A or O B , by each group for all participants and by each group while controlling for sex, and (ii) from zero for X A X B , for each sex separately and while controlling for sex. The Student's t test was replaced by the Wilcoxon's signed-rank test or the Mann-Whitney U test for matched-pair analysis or 2 independent sample analysis, respectively, when nonparametric analyses were required.
Pearson's correlation coefficients (r) and Spearman rank correlation coefficients (r) were used to look at linear association(s) between the mean HR change from the first to the last attended exercise class with the blood, participant characteristics, and body composition variables. Subsequently, a multivariate stepwise linear regression model for the dependent variable of mean HR change was completed for all individuals completing the intervention (X A X B , n = 25). The independent variables had to have a partial correlation that was at least at a significance level of 0.15 to enter into the model.
The statistical significance level was set at a p value ≤0.05. All statistical analyses were completed with Intercooled Stata 9.2 (StataCorp, College Station, Tex., USA).
Results
High-intensity exercise changes
There were statistically significant increases in energy expenditure, HR, and activity counts for all children completing the intervention (X A X B ; n = 25) and significant differences based on sex (12 males, 13 females) when examining the Actiheart monitor data (Table 3) . Spearman rank correlations assessed the association between the change in HR, activity count, and energy expenditure from the first to the last class attended, and there was a significant correlation between HR and energy expenditure (r = 0.6952; p < 0.0001.). All further analysis of the exercise programme utilized only the HR variable because of its normal distribution and high correlation with energy expenditure.
Differences in exercising HR changes were compared between the first and the last exercise class attended for all intervention participants (X A X B ). This allowed for comparisons across intensity levels within and between sexes and also provided meaningful analyses for the HR data obtained throughout the 20 exercise sessions. There was a statistically significant change between the time spent in the different HR intensities when comparing the first and the last exercise class attended (Fisher exact test, p < 0.0001, Fig. 1 ). Comparing low-to moderate-intensity exercise duration versus high-intensity duration further showed a statistically significant difference over time (Fisher exact test, p < 0.0001). Specifically, high-intensity exercise duration between the first and the last class attended increased from 35.1% to 60.0% (23.88 to 35.56 min), while the low-to moderate-intensity exercise time decreased from 64.9% to 40.0% (44.44 to 30.21 min). There was no significant change in the proportion of the mean total duration between the first and the last class attended (p = 0.24).
The LSI questionnaire score was not correlated with mean HR change during the intervention (r = 0.597; p = 0.7769), and it is hypothesized that the increasing LSI questionnaire score during the intervention was primarily due to the exercise within the intervention.
There was a significant sex difference (Fisher exact test, p < 0.0001) for the high-intensity and the low-to moderateintensity groups, both in the first class attended (Low: females, 71.02%; males, 58.74%; High: females, 28.98%; males, 41.26%) and last class attended (Low: females, 44.74%; males, 35.13%; High: females, 55.26%; males, 64.87%). Males exercised at a significantly greater intensity than females both in the first (p < 0.0004) and the last class (p < 0.0001). Females increased their exercising intensity from the first to the last exercise class (p < 0.0001), as did the males.
Body composition
Pre-and postintervention results were analyzed for all intervention participants (X A X B ; n = 25), were stratified by sex (13 females), and are described in Table 4 . There were numerous significant changes over time for all intervention participants; however, there were no significant differences between sexes except for weight (p = 0.01).
The response feature analysis established significant differences in weight, BMI-percentile, %FM, and %FFM when comparing the intervention group (X A ; n = 16) versus the control group (O B ; n = 11) over the 4 time points throughout the intervention. All body composition variables were described within and between groups (Table 5 ). There were several significant changes, including the decrease in %FM, for the X A but not the O B group (Fig. 2) .
There were significant sex differences over the 4 time points when analyzing with response feature analysis across the X A and O B groups. The %FM and %FFM mean slope There were no significant differences between males and females within the X A (p = 0.77) and O B (p = 0.28) groups. Postintervention response feature analysis was completed on the O A group (n = 13) over 4 testing points. By nature of the study design, there was no postintervention follow-up for participants in X B . Weight, height, and BMD had a positive mean slope change that was significantly different from zero (0.14 ± 0.18, p = 0.02; 0.14 ± 0.06, p <0.0001; 0.001 ± 0.001; p = 0.001, respectively). The BMI-percentile continued to decrease postintervention and remained significantly different from zero (median = -0.01; p = 0.05). The negative mean slope change in %FM remained significantly different from zero (-0.10 ± 0.14, p = 0.02), while %FFM continued to increase and remain statistically different from zero for all participants (0.11 ± 0.15, p = 0.02). Weight for females, but not males, had a mean slope change that was significantly different from zero (0.11 ± 0.06, p = 0.001; 0.18 ± 0.29, p = 0.23, respectively). Only females continued to show a significant decrease in their BMI-percentile (females: p = 0.02; males: p = 0.69). BMD in females showed a positive slope change from zero (0.002 ± 0.001, p = 0.004), while males showed no statistically significant changes (p = 0.13). Although there were within-sex differences for weight, BMIpercentile, and BMD sex, there were no significant differences between sexes for these variables (p = 0.47, p = 0.66, and p = 0.47, respectively). No other variables were significantly different postintervention.
Correlation and multivariate regression analyses
Significant correlations for the change in HR from first to last class attended were found with class attendance ≥75% (r= -0.4571, p = 0.02). There were no other significant correlations, including total caloric intake obtained from the 3-day dietary records (r = -0.2549, p = 0.22).
Multivariate regression for the mean change in HR (R 2 = 0.6081, p = 0.001) included exercise class attendance ≥75% (b coefficient = -15.37466, p = 0.001), grip strength (b coefficient = -1.632584, p = 0.01), and sex (b coefficient = 11.24061, p = 0.004).
Serum lipids
Pre-and postintervention lipid concentration results were examined for all intervention participants (X A X B ; n = 25) and they were stratified by sex (13 females; Table 4 ). There were no significant changes over time or between sexes; however, females had a nonsignificant trend for an increase in their HDL-C concentration (p = 0.08) and a decrease in their TC:HDL-C ratio (p = 0.09). Note: X A X B , all intervention participants (n = 25; 13 females); WT, weight (kg); HT, height (cm); WC, waist circumference (cm); BMI-percentile, body mass index-for-age percentile; BMD, bone mineral density (g·cm Response feature analysis established important lipid differences between the X A (n = 16) and O B (n = 9) groups over time (Table 5 ). TG concentrations in X A participants decreased significantly more than that in O B participants. There were also nonsignificant trends for favorable differences in HDL-C and TC:HDL-C. The TG concentration for X A females had a significantly more negative mean slope change than that of the O B females (-0.01 ± 0.03 and 0.04 ± 0.01, respectively; p = 0.02). Males had similar directional slope changes that were not significantly different across groups (p = 0.39).
Response feature analysis was completed on O A participants during the postintervention period (n = 13). The decrease in the LDL-C mean slope change was significantly different from zero for males (-0.03 ± 0.02, p = 0.02), but not for females (-0.004 ± 0.04, p = 0.80). There were no other significant changes for the serum lipids.
Family eating and activity questionnaire
Child participants and their parent(s) completed the FEAH at study baseline, mid-study, and poststudy. There were no significant differences at baseline between the X A and O B groups (p = 0.42). There was a positive change in the environment for all children that participated in the intervention and control (O B ) groups. *, p < 0.0001, negative mean slope change for the intervention group was significantly different from zero); †, p = 0.0005, negative mean slope changes for the intervention and control groups were significantly different from each other); ‡, p = 0.56 (negative mean slope change for the control group was not significantly different from zero).
(X A X B ; n = 25), as the overall score for the child and mother and (or) father decreased to a healthier score over the intervention (43.0 ± 13.4 to 33.8 ± 16.2; p < 0.0001). Similar decreases were found when analyzing only the child (p = 0.001), mother (p = 0.07), and father (p = 0.02) scores. There were significant changes when the X A and O B group change scores were compared (p = 0.01). The X A group showed a significant decrease in their overall FEAH score (42.7 ± 13.9 to 32.6 ± 17.2, p < 0.0001), while the O B group did not show a significant change in their score (44.3 ± 11.7 to 42.3 ± 13.1, p = 0.43).
There was a statistically nonsignificant trend that the overall FEAH family score continued to decrease during the O A postintervention follow-up (p = 0.11). This suggests that although the intervention was associated with overall favorable healthy food and activity choices for the families, the families did not continue to make statistically significant improvements outside the programme. However, and most importantly, they did not revert to statistically or clinically significantly poorer choices.
Discussion
B.E. H.I.P was successful in ameliorating the adiposity, lipids, TG, and physiological profiles of overweight and obese children. The significant increase in energy expenditure throughout the programme resulted in a greater amount of time spent in high-intensity versus low-to moderate-intensity exercise. Furthermore, there was an increase in %FFM and a decrease in %FM, trunk fat mass, BMI-percentile, and TG. These changes are favorable to the overall health of the overweight or obese child.
Prepubertal children were enrolled in this study. As expected, no sex differences in body composition were found, except for a 0.93 kg increase in weight over time in females. This weight change is likely attributable to the significant increase in FFM and is also in line with the stature-for-age and weight-for-age charts developed for male and female children (Kuczmarski et al. 2000) .
Conclusions from evidence-based data support that PA has beneficial effects on adiposity in overweight and obese children, musculoskeletal health and fitness, cardiovascular health, and mental health (Strong et al. 2005; Janssen 2007 ). The amount, intensity, and type of PA required to achieve these results remains unclear because of the lack of studies examining the dose-response relationship between PA and health in this age group (Strong et al. 2005; Janssen 2007 ).
The progressive increase of high-intensity exercise during B.E. H.I.P. led to favorable body composition changes. This is similar to the findings of the cross-sectional study of Wittmeier et al. (2008) , who evaluated the relationship between the intensity and duration of PA in overweight (≥20% FM) or obese (≥25% FM) 8-to 10-year-old children. They assessed activity by accelerometry in 251 males and females and found that vigorous PA, but not moderate PA, was significantly associated with body fat (r = 0.35). Wittmeier et al. (2008) further found that the odds ratio for adiposity percentage, based on time in moderate and vigorous PA, indicated that 15 min of vigorous and 45 min of moderate activity were associated with favorable body composition results. Children performing ≤5 min of vigorous activity were 4 times more likely to have ≥20% body fat compared with that of children performing ≥15 min of vigorous activity each day.
Recent publications have supported the use of vigorous PA for reducing obesity. Lower body fat has been associated with greater amounts of vigorous, but not moderate, activity Ruiz et al. 2006; Stallmann-Jorgensen et al. 2007 ). For example, Ruiz et al. (2006) found that at least moderate to vigorous PA was required to improve a child's cardiovascular fitness level. The commentary by Gutin (2008) contends that vigorous activity, as opposed to energy intake restriction, was the optimal mechanism for reducing childhood obesity. This assertion was supported by B.E. H.I.P. and a review article from 2006 (Swain and Franklin 2006) . The review concluded that although there was still a need for more studies, if total energy expenditure was held constant, then vigorous-intensity exercise showed greater cardioprotective benefits than moderate-intensity exercise (Swain and Franklin 2006) . Most of the studies reviewed were in adults, with the exception of 2 publications in obese 13-to 16-year-old youth engaged in high-intensity activity that demonstrated significant improvements in cardiovascular fitness, TG, and TC:HDL-C Kang et al. 2002) . B.E. H.I.P. has extended these findings into a younger age group with an accurate determination of the duration and level of exercise intensity for each child during the exercise sessions. Our results provide a quantitative confirmation that high-intensity exercise is a valuable intervention tool for childhood obesity.
Further support for vigorous activity comes from a recently published intervention study (10 months, five 80-min classes per week of 35-min moderate-to high-intensity exercise) for 8-to 11-year-old black girls (n = 201) with a variety of body compositions and cardiovascular fitness levels ). The greatest decreases in %FM and increases in BMD were achieved in those that engaged in the greatest amount of vigorous activity and attended classes ). The attendance of >4 classes per week led to a %FM decrease of 2.3%, which was similar to the percent change in B.E. H.I.P participants that attended only two 60-min classes per week. These similar changes, despite a different exercise frequency, may be because B.E. H.I.P. focused only on high-intensity and not on moderateto high-intensity exercise. This could have led to a significantly different amount of time at a high-intensity HR on a weekly basis. As well, the children in B.E. H.I.P. were all overweight or obese (mean %FM = 40.2%), therefore they may have lost more fat mass than the less homogeneous group (mean %FM = 30.2%) of the other study. expanded their study to a 3-year after-school study (MCG FitKid Program) in third-grade students, and their initial findings were recently published . Favorable body fat and fitness effects were found in the children during the school year; however, summer months led to a loss of the effects. The postintervention analysis for some of the B.E. H.I.P. participants supported this, as many of the favourable changes found directly postintervention were not present 11 weeks later. This supports the importance of maintaining high-intensity exercise to sustain the health effects. The exercise component of B.E. H.I.P. was designed so that it could be adopted into physical education programmes in the future. B.E. H.I.P activities utilized few props, could be explained quickly, and were subsequently enjoyed and engaging to the children. The incorporation of high-intensity exercise into a child's daily life could favorably improve their adiposity and overall health over the long term.
A limited number of studies have assessed the effects of different exercise intensities on blood lipids and lipoproteins, and there currently remains insufficient evidence to define a dose-response effect (Kesaniemi et al. 2001) . A recent study reported favorable changes in body fat, homeostatic model assessment for insulin resistance (HOMA-IR), blood lipids, and leptin in obese adolescent females following a lifestyle intervention programme with moderate PA (55%-75% of the predicted HR max ) monitored by a Polar monitor (Park et al. 2007 ). The actual exercising HRs were not reported. Park et al. (2007) found %FM change scores (mean = -3.6%) that were similar to those in B.E. H.I.P. (mean = -2.2%), but they had no changes in HDL-C (mean = -0.0 mmol·L -1 ). Although B.E. H.I.P. found a nonsignificant statistical trend for mean HDL-C change, the increase of 0.4 mmol·L -1 is clinically relevant and greater than the lack of change seen by Park et al. (2007) . Additionally, Rashid and Genest (2007) reported that cardiovascular risk decreases by 1%-2% for every 0.2-0.5 mmol·L -1 increase in HDL-C concentration. The intervention of Park et al. (2007) was able to find significant changes in total cholesterol, LDL-C, and TC: HDL-C, whereas B.E. H.I.P. did not. LDL-C decreases are typically not associated with exercise alone, but can occur when combined with adiposity and diet changes (Durstine and Haskell 1994) . As diet was not the primary intervention modality of B.E. H.I.P., it was not surprising that LDL-C did not change. The LDL-C concentration changes found by Park et al. (2007) are likely due to the inclusion of a weekly behaviour modification component to their programme. The TC:HDL-C ratio change was similar between the Park et al. (2007) study and B.E. H.I.P. (mean change of -0.2 and -0.12, respectively). A larger sample size in this study may have led to a statistically significant change over time and relative to the control participants. Exercise was able to impact lipid concentrations in children, but further research remains to determine the dose-response required for changes.
Cardiovascular fitness and PA are associated with a healthy cardiovascular disease risk profile (Twisk et al. 2000; Wedderkopp et al. 2003) . Longitudinal assessment of 13-to 27-year-old participants supported the idea that daily PA was positively related to HDL-C and inversely related to the TC:HDL-C ratio, while cardiovascular fitness was inversely related to TC (Twisk et al. 2000) . In addition, PA, physical fitness and lipoproteins were highly influenced by body fat (Twisk et al. 2000) . Low physical fitness in children and adolescents, on the other hand, increased the risk factors for cardiovascular disease, including TC:HDL-C ratio, insulin: glucose ratio, TG, systolic blood pressure, and the sum of 4 skinfolds (Wedderkopp et al. 2003) . The favorable decrease in TC:HDL-C and TG and the increase in HDL-C in the B.E. H.I.P. participants support the finding that a more favorable cardiovascular disease risk profile emerged over time with high-intensity exercise.
A recent metaanalysis on obesity intervention programmes for children and adolescents was completed (Stice et al. 2006) . They found that only 21% of the studies included in the analysis produced a significant prevention effect based on the change in BMI of the intervention versus control condition. The numerous shortfalls of these studies were improved upon in the methodology of B.E. H.I.P, which was important for its success. A multifocus disease intervention programme was utilized that not only aimed to increase PA, but also to reduce obesity along with other risk factors for cardiovascular disease. Other important methodological additions included (i) %FM and not just BMI as a primary outcome, (ii) actively involving at least 1 parent, (iii) enabling self-selected recruitment, and (iv) providing activities that were enticing to both males and females.
The cornerstone for the treatment of pediatric obesity is through diet modification and exercise (Miller and Silverstein 2007 ). B.E. H.I.P. resulted in statistically and clinically significant changes in BMI-for-age percentile, trunk fat, %FM, and %FFM and provided a successful health intervention programmed for overweight and obese prepubertal children. Although it may be postulated that the decrease in %FM was due to dietary changes as opposed to exercise changes, it is important to highlight that this was not supported by this study. There was no significant decrease in dietary caloric intake, and caloric intake was not correlated with the increased time spent in vigorous PA or with %FM (A.A. Venner, unpublished data). The results, however, do corroborate the theory of Gutin (2011) , who stated that a vigorous activity, as opposed to dietary restriction, can lead to leaner youth. In addition, Savoye et al. (2007) expressed that solely utilizing pharmacological treatments for overweight children will not encourage them to implement healthier lifestyles. Supervised high-intensity exercise classes, nutrition education, and parental involvement were the foundation of B.E. H.I.P., and future programmes should incorporate all these components.
Limitations
The study utilized convenience sampling with children in the area of Calgary, Alberta, Canada. Although this is a potential limitation, because the results cannot be generalized, the methodology provided high adherence and a wealth of knowledge for future research. It is hypothesized that the results are relevant to other 5-to 10-year-old children who are overweight and obese and come from a similar demographic. Socioeconomic status was not controlled in this study. Although this could be a potential confounder, it likely was not a significant factor, because children throughout the Calgary area participated in this study and it was not limited to one particular neighborhood. This study utilized parental disclosure of the child's puberty commencement, as oppose to the more formal staging methods of Tanner (1969, 1970) . The children were below the mean age of puberty, and parental reporting of puberty is often utilized in the literature. Therefore this is likely not a confounder to this study (Savin-Williams and Ream 2006) . There was no cost associated with this study, and therefore families were not financially restricted and broader backgrounds were able to participate.
